
...I 
7 

NASA TT F-8773. 

T m  4 j y  CONVERSION IN IRON-NICKEL ALLOYS 
UNDER HIGH PRESSURE 

I W. Jellinghaus and 0. Schmidt 

.I 

(THRUI 
0 
B 
8 

GPO PRICE $ 

CFSTI PRICE(S) $ 

ICODEI E IPAGESI 
4 
2 

(NASA C R  O R  T M X  OR AD NUMBER) 

ff 653 July 65 

Translated from Archiv fGr das Eisenhiittenwesen, 
Vol. 36, NO. 1, pp. 47-51, 1965. 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON NOVEMBER 1965 



UO Jelli-us and 00 S M d t ,  W-Planok Ins t i t u t e  far Iron Besearch, Dusseldorf. 
/ / d B  

pressure and also under higher pressures and $or prolmged intervals. 

demoaskrated changes of aanoentrntion. 

The author6 

using high pressure, Che tallpsratures of the  phase equilibria wn by disp%aosl9. 

of volume, P 
D u r i i i g  the isothermal decaaposition of the deep-oooled austenite, i,e., uf a oubia 

faoe-oentered l i x d  orystal  of iron and oarban, a slight increase of volune occup8. 

Wo JellinghaUs and He Friederrold (1) found a considerable reduckion of t h e  rate cf 

W%€'Version at temperatures between 350 and 350° C and pressures of 4,000 and 5,000 

wm2 as o a q m r ~ d  with the behavior d e r  oastoaary pressure, As a oonsequenoe of 

the  inorease of pressure, they foaad an inorease of the rate, i n  t h e  elimination of 

oarbide from austenitio manganese steel, where this process r e s u l t s  in 8 reduatioa 

49 volme. Hamever', this example m s  not very cominaing as proof far the favoriag 

or  aooelerating action af high pressures i n  the case of reduotion of volume beeause 

the amount laf the aarbide oreated during elimination represents only a -11 fraot ioa 

(I) ~ r o h  Eiaenhuttemes, 31 (1360 P. 309/17 ( m t t .  Max-Planok-Inate asentars&., 
Treatise 848, and Werkstoffaursch. 1228). 
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either the t r t a l  mass QT an appreoiable part of the latter. For the inhibit-  a d i o n  

o f  pressure i n  the deoamposition of austenite linked uith an increase of Tolme, data 

balre also beea adduoed by E. BchaidtaaM, w. Bisgrann and E. Sekenok (2). Further 

the raaotioas take place preferably in substituted mixad crystsl~~ and not i n  inter- 

or l r ted  mixed crr;totals (e.g., auatenitio manganese steel). -re tihe increased 

pressure appreoiabkv ini luenms the diifusiaaa of the alloyed partrrsrs, it was t o  be 

eXp&ed that t h i s  imi'luence i8 a d  80 easily obscaaed tor reactions in substituted 

mixed crystcrlr 

volume. 

the Saf'luenoe of the magnitude and of the sign of the a h q p  of 

A l l a g s  of iroa a d  aiWl o e h ~ W l r ( 5  ZS-S5$ niokel appeared suitable far ttt& 

sCrpCnhOZ&So zhi8 001h(lWri. #UbSbitUtd -9d Org&Rh -oh b, tr&med 

extensively i n t o  the body-centared w M 8  orystal fsrn aad should prduoe a reduution 

of vd=e upon return t o  the faoe-oentered form. la0 a d y  oonlrersion starts part27 

rlresdy inredi8tal;i. above 2W0 C. 

lurgioal viewpoint beoaure oontirirrops rearsura~ents in a high-pressure ressel above 

40O0 C a r m  rather difficult. 

t l n s  adjustmeat of the @ut843 equilibria betmen 4- arpd 8 - 
500 c requires prolonged ini;e~als. 

T h i r  droumstaPoe i 8  racy useful fram the mtal- 

In regard t o  diffurioa, it should be kept in mid tbpt 

mixed wyStrrls bel- 
0 

The YF- Q oonrersion in t b  iron-aiekal 8ysta hrs k e n  investigated in d e t a i l  

Irg many rea~crhers. 

f ield 4 +I has an appreoiable width already at  5ato c *ah further inerenme8 with 

l a r o t  tam-turea, B e  comer8ion i ne r t i a  of the f'noe-aentered g"1.lted a r ~ ~ s t a l u  

is suff ioient ly  great, h-ever, to preserve the oonporitian of the a x e d  sry8tds 

pok our present task, it is  n;lffiaient t o  bar that t h e  tuo-phase 

( 2 )  &ah. Eisenhutteltes. 32 (1961) P. 843/50 (~rkstoffaussoh.  1502). --Also me- 
Ing.  D i a .  (Ilrttact) by w. Biermanu, W o h .  Hoehsah. Aaahen.  
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uaohaqpci by quenching t o  20 or  0' C. 

deaixing a leo  does not need t o  be expected. 

t o  20' C are supersaturated with iron in regard t o  the phase equilibrium, 

centered nixed arys ta l s  r i t h  28-35 % &&el obtained by low-tsmperature cooling are 

s u p e r ~ t u r a t e d  r i t h  nickel. 

present simultaneously, bath a t  20 and a t  400' C, body-odered mixed c r y s t a l s  rith 

Upon deep-oooling i n  liquid air  or other agents, 

The faoe-qantered aired crystals  quenohed 

The body- 

On the basis of the balanced system, there should be 

a l o w  cantezrt of niaksl sad faoe-omtored mixed urystals w i t h  a high eontax& 09 

niukel. 

arg&al oontains 6.6 $ &.&el and the fam-oentered ory8Qal oaoltains 43 % dckel at 

40O6 6. 

omplate  bel- 6 5 0 ~  c under oustararg pressure. 

said t o  oontsin less and the n a l y  Soaed 

Our task consisted in tranafo.ming the  c r y s t a l s  w i thod  d a x i n g  into the bod;f-o(naered 

crystal  form and, upon hsatisg of the  4 +nixed orystalr supersaturated r i t h  n i & d  

t o  measure the  for ra t ion  of \ -mixed oryetals in oonsideration of tsPperature, 

quantity, time and niakel oolitent both urdsr oustoaarg as w e l l  a s  high pressure. 

Aacording t o  E. A. Oren and Y. H. Iju ( 5 ) ,  the  body-centered l i m i t  mixed 

In an alley wi*h 35 3 niokel, t h e 4  conversion allegedly does nat b e m e  

 he remaining d-niixed o r g ~ t a i s  are 

d x e d  orystals  mom than 35 $ nickel. 

Saaple Preparation, Pressure Apparatus and 

Yeasurerent Procedure 

The sanples were prepued mixing, omapacting and sintering of pardered oarboqrl 

i ron  and oarborprl niekel. From data of the manufaQturer, oarbonyl niolrel oantains 

not lese  than 99.8 % nickel and not mare than 0.05 iron, and carbowl iron contains 

not lees  than 99.7 5 iron and not more than 0.04 $ ni&el. 

oontent Of aarbn was 0.002 %. 

mer sixtsrfxig, the  

sintering was carried out at 1,3509 c for 48 hours. 

"ne samples were  o o o l d  in the furnaoe and subsequently cut i n t o  aylinders uith a 

diameter a9 4.5 rn and a length of 35 a. Upon measurement of the  e l eo t r io  resistance 

i n  the 5-state, the  samples were oonverted through deep-aooling i n  l iquid nitrogen 

in to  a primarily f e r r i t i c  state. 

( 3 )  J. Iron steel Inst. 163 (1949) p.132/3? l& 1 table;  see esp. p. 136. 
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For t h  experiments under high pressure, we ut i l ized  the high-pr ~ a v e  apparatus 

described A hollow Crglinder, closed a t  one 

end, of tempered chrrnae-nickel-molybdenum ateel with a t e n s i l e  strength of 100 kg/m 

served as high-pressure vessel. %e effecrtire working spaae has a diameter of 25 a 

U, JellinghaU8 and H. Friedmold (1). 
2 

and a l m h  O f  1OO a U%th a -11 - h e 8 8  Of 28 -0 -06SUXW fS produced by 

a tm-stage high-pressure pump mpl@ying a8 prerrure f l u i d  “silfoon-oil* with a vis-  

oositp of S osf at room teaperatare, 

6,000 kg/cm 

The apparatus if aapable of prerrssrclrr up t o  
2 

Pressure i s  oontrolled with a steel-tube spring-pressure gauge, The 

pressure P O S 8 9 1  i s  heated t o  t he  startirrg temperature by a ver t ica l ly  adjustable 

furnaos and taaperature is measured with a nickel-chrCre/nickel thermooouple element 

d o s e  hot-soldered jundion is  located in a bore, 12 n deep, i n  the middle of tlre 

Qylindsr w a l l .  

which maintains taaperature eonstant with 

beat the unit f’rm r o m  tapperatwe to  400 

An autolaatio regulator was ut i l ized  faP the ieothersal  experiments 

2’ C. About two hours a r e  required t o  
0 

C. 

’Ihe o(-)I(aonversion was observed primarily aeasurelient of elecrtsie resiatanae, 

Parer l a d s  and potential terminal8 consisting of copper wire with u cftemeter aS 

0.4 mia were eilver-soldered at  the  extremities of‘ the aamplas, The scuaples aad %ha 

e lea t r f e  leads were isolated by wraanio tubes. In order t o  seal the bushings of t h  

measuring wires from the  high-pressure vessel t o  t h e  outside, re ut i l ized  t h e  method 

of Eberb and Gielesssn (4). A Thomson bridge served fo r  measurement of resistance. 

Pae the oanp&nentary magnetic measweneats a8 far as determination at room 

temperature v a s  ooncerned, we ut i l ized  bp eleotraaagnett with d a l l y  dr i l l ed  poles 

a8 developed s tab le in  and lchroeter ( 5 ) ,  Concentration of nicJml in the x- mixed 

crystal  with the  aid of t h e  Curie teaperature was determined by a magnetio soale 

according t o  Yathieu ( 6 ) .  Further uae8 of the sosle w i l l  be desoribed la te r .  

Experimental Findings 
&-$ Conversion UP t o  4OoU c 

upon heating, an increase of e lec t r ia  resistanoe occura wbioh is due in part 

(4) AZlIl, ~ S S ,  60 Folge, 1 (1947) P. %?9/400 8ee esp, f. 230 
(5) 2. anorg. a l lg ,  Chean. 174 (1928 P. 193/215 . 
(6 )  Arch. &isedd%temres. 16 (1942/43) p. 416/23. 
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t o  the inareased tamperatwe but in parti a lso  due to  theqdy phase oonversion. 

w s  non-reversible part af the  increase of resis tance i s  found abcrre 235’ C for the 

alloy with 34.8 $ nickel, 

atwe, tho  increase of resistanoe i r  alee praetioally arrested, In seueral experi- 

ments w i t h  oonstant temperatures beheen 250 and 40O0 C, no appreciable increase af 

reaistruroe was 

deorease is less than the  inorease upon heating due t o  the non-reversible M A  ’a: 

eomer si on, 

If heating i s  arrested ly t r ans i t i on  t o  a oonstant teanpar- 

after 20 hours. misg cooling, reds tawe  deoreases but the 

Table 1 groups the values af eleotrio resistanee measured at roaa tsmperatlrre 

before a d  after the eaperiment. 

heated under high pressure without stress,  

ooncord for both groups of annealing axperiaente (at pressures af 1,000 and 5,000 kg/m I 

ref. 2). 

These measuresaents r e r e  a lee  made for the samples 

The conditions of m e a s u r e n e n t  consequently 
2 

The quantitativm proportion Oi the narb formed 8 phese m a  oalouhtsd fraa the 

ahanges Of resistanue. 

two Vpes of orystals d id  not have any appreciable influence on e l e a t a o  resistam. 

On this asmaption, the volume r a t i o  x of the 

W a s 8 d  here that e l a s t io  8tresses in the mixture of the 

$-phase was oaloulated aocording 
,“im:;o-,OLer. 

@mot; a - Pittoo:: p 
t o  the mixing rule  z =  

frora the specific resistances of tiw pxed-phase ploo$aaRd of the phase mixture Pieg* 

The apeoifio reds tanoe  of the pure d-phase of the iroa al loy with 34.8 % 

niekel ras axtraplate& aocordiq t o  asasuraaentls by shirakma ( 7 )  fram the reds- 

tanoes of al loys with 2S and with 30  $ niakel. In t h e  experiPbnts perfarmed d e r  

high pre~sures, t h e  inareases i n  the quaxtitative r a t i o  of the 

times as high as i n  experiments d e r  oustapnary pressure1 

of the epeairio electrict registantas under annealing. 

1- annealing temperatures in te rsec t  in the  v ic in i ty  of t h e  ini t ia l  resietaaoe, 

?f--phase are 2 t o  9 

figure 1 shows the inorease 

The curves sx t rapohted  

(7) sai. gbp. Tohoku Univ. 27 (1939) P, 485/551. 
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An appreoiable i n f k ~ m C 6  of pressure on the tmprature at  the start of pop- 

reversible  obanges taa E& be observed. 

I 

Hg. 1 - Inorease of e l e c t r i c  resist~noe due t o  incamplete re-fomation of 
i n t o  

Legend: a) speoi i ic  e l e c t r i c  rerristanoe in ...; b) wntsnt of ,,.-phase in initial 
s t a t e  19%~ 

d-phase 
z-ph..se in iron alleys with 2 9 A  ud 34.8% niukel urder oustaaary a& d e r  

high p r e s ~ t ~ ~ o  

0 )  pressure i n  kg/m2; d)  al loy content:..,; e) i n i t i a l  rmsistazme; 
f) omtent of &-phase i n  i n i t i a l  state 3.95; g) annealing temperature in C. 

Measurements of magnetic mturat ion oan be u t i l i r e d  i n  the same mnnner for the 

determination of the quant i ta t ive r a t i o  ,of t h e  a-phase if t h e  scrturation values are 

ham for d= 190 % and 100 $. They were aarr ied out for the iron a l l q  w i t h  

Far ths 29,9 % nickel alloy, it is d i f f i c u l t  t o  flnd a 8aturatlon value in 

l i t e r a t u r e  rfiieh oan bs ascribed re l iab ly  ts  e state of t b  a l l q  crapppletely Pres Oi 

austenits.  The saturation value required in furmula 2 for t h e  pura body-@entered 

state was therefore provisionally derived through caloulation ‘try assuming as ban, 

from the  measursnenks of resistanoe io t h e  same alloy, the r a t i o  of t h e  $-phase in 

t h e  deep-wold  &ate. For the further treatment of t h e  29.9 % niokel alloy, there 

resulted approximately the =me inoreases in t h e  share of the $-phase as from the 



the ~easurements of resistance (ef. Table 2). 

'fable 2 M k e r  lists the rolum r a t io s  of the 8 -phase obtained if' we i n t r e -  
- - ----_ - 

duce 18,880 ~ a w s  f o r  ~ ~ J 5 0 3 , i a w a  as  basis f o r  calculation in accordance w i t h  

Peschud ( 8 ) .  Since this value is larer by 490 Gauss than the  one mlauleted frap 

formula 2 with R given X, there resu l t s  a oarrespomiingly lerer volume r a t i o  of the d- 
phase . 

Subsequent t o  the rnaesrlimg treatment, tmperature/magnatization m w e 8  were 

plotted P r a  samples af both allays and the Curie-taaperatures detellnined were e o -  

?ared w i t h  t h e  Curie-temperatures of the pure 

divergenoes. d-Pixed crys ta l  $8 

consequent* still a p p r g x h t e l y  t h e  lame as e a r l i e r  i n  the  i n i t i a l  homogeneous 

aus ten i t ic  atate. 

2f'--phase. There were found only minor 

The ooncentration of nickel i n  t h e  re-formed 

~ i n e e ,  aaoordizg t o  Peschard (9)s t he  cur ie  t s p e r a t u r e  risea,  

- 8 -  



. 
0 

8% about 90 % nickel, by 25 

= 1 kg/m ) and 10' C (pressure = 5.000 kg/ca2) and under 400' C treatm& of t h e  

C per 1 '$ ni-1, t h e  increases fouad trp 8O C (pressure 
0 

2 

29.9 % nickel a l ley can be equated w i t h  ap increase of the nickel content 13p 0.3 and 

0.4 %. AacordiDg t o  the  equilibrium, .re should have found, at 400 C, aninareaae  
0 

t o  43 $, i.8.. an increase t o  13.1 % nickel, 

t 1 

I, l3W0 C, 48 hours, 125 

200 
furpaoe cooling; 

nr. 1 111 # annealing at S50° C, 1 199 
20 hours, cooling t o  20' C, 5000 209 

. 19 horns, toQliw t o  20 c. So00 183 

If, 1 f 15 min deep-oooling (2] 

TO. 1 f 11 + annealing at  4p0 C, 1 204 

100 

3,7 
11.9 
18,9 
21,o 
34,8 

?l, i mlonlated on the bns is of measurements of aagru t i ra t ion j  ( 2 )  = i n  l iquid ni trogsn. 

In alloying the iron r i t h  29.9 % nickel, w 8  O l S e  measured t he  Byckers hardness 

on samples with different  p r e d / o r  annealing trreatment (Table 3). 

froat '5 to cz( , an increase uf hardneslr occurs upon cooling t o  la taoperaturea. 

mealing treatrent a t  350' C did not yet produce any reasuroble dfaimrtion of 

hnrdnesr. ,HOWBTBZ, ,af-ker:amymEiag a t  s ~ e Q  e &or inoreased pressure, hardness has 

Under conversion 

beoaae 8ppreoiably r e d u d .  

prolong~d experiments at 490' c fa d+gConversion 

At higher terperatures and sppreeiably longer duration of m n e r l i n g ,  the 

oxpectanoe for craing closer t o  equilibrium is greater,  

with 29.7 % ni8kel wore oarrid out nt 430' C fo r  528 hours (22  days), betb under 

custarary presrure and uader a pressure of 1O.aoO kg/ca . 

Experiments on an i r o n  alloy 

2 
The pressure -8 created 

i n  t h i s  ease through heating of the sample in a closed steel vessel filled with rer- 

- 9  - 
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. cury (1). 

hare obtained, at 430' C, a volume r a t i o  d the 8 -phase OP 71 % and nickel 

eonoe&ration of about 39 % for a sample with a nickel co&ent of' 29.7 $. 

there was found a r a t i o  of the 

of' 31 % under high pressure, 

being reached. 

of the 

Qince, aoamding t o  fesehard (a), t h e  Curie point fer the  haogeneous m i x e d  osystal 

with 29.7 $ niakel lies at  120 x-phase hare, 

uader these c d t i o n s ,  iaorectred appreoiably i n  the direet ion of the equilibrium. 

Aacording to -8ohard, 

of the @phase as about 30 % in the  eaperhent under otlstenry pressur6 uul as 

36.2 % fer the experiment d e r  high pressure. 

d -phase i s  higher d e r  high pressure but t h e  adaptation of the aonoantration t o  

~ c c a d i n g  t o  the diagram of' equi l ibr ium of Bren and I,iiu (3), we aheuld 

SUbSeqUsntly, 

X-ph.86 of 19 $ under custaPPary pressure a d  a ratio 

On the basis ef quantity,  equilibrfua is far from 

F ~ Q  the temperature-mgnetiration csurves, therm resul ted Curie-pointo 
2 2 g-ph*sr, ai 3X8* c fer p = 1 IQ/Q and 272' C far p = l0,QiS kg/a , 

0 
C, the nickel oonoexxtrations of the  

OPloUlate, from the Curie temprntures, the d0k81 o & Q ~  

consequently, the quantity of the 

esluf2ibr%\n 198s O ~ P l O t S .  

fig. Z---perature3agnetiration ourves for d e t e d n i n g  nickel ooncentration of 
a d  )(-phase after proloxigod annealing a t  430' C under ouatoaary and uader high 
pressure. 
Legend3 a) magnetization in ags/gi b) pressure:...; 0 )  i n i t i a l  s t a t e  e t h  
predominant share of A-phasej d )  af'ter anneali f o r  528 hours a t  430 C; 
e) aus t en i t i s  stater f) reasureing temperature in C. 3 

d- 
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0 After prolonged treataerrt at  d o 0  C. a ohawe Oi tJs niokel content DBP also 

be n&ed i n  t he  d-phase. pimpmature- magnetization ourves were plotted as daon- 

s t r a t ion  (fig. 2). 

t o  the 

rpeoifio m~ignet i ta t ion~ 

diagram ~ r r n i s i m o  maa values for the nickel oonted  0r tho  

temperatums (S30° c at p = 10,080 wm' 
a niokel contsnt of 26.6 and/or 24.S 

sti l l  lies far above ths aontsnt of e q u i l i b r i u  ai 6.3 % nickel valid for 4 0  C. 

Two brief-internal experiment8 at 430' C f o r  2.5 hours ef t he  same alley 

The oonversion of the cz(-phiLse which ia, still con&& at 430' C, 

8-phase a t  higher teqsratures @an be aetemined f'rm the regression of the  

The carparison of the respastive tcmperatures with the aotual  

cry.taln, TIUJS~ 
2 

560' c at p = 1 lcg/or oenresposs~ t o  

Th. nickel centent has therdore dropped but 
0 

resulted in a vel tae  r a t i o  of t he  &phase of 27% under high pressure aad in a ratio 

Oi 16 % inder oustarpry preraure. The Curie temperatures i n  both oases were &e same 

a s  f o r t h e  iniaial homogeneous stastenitio allw so t h a t  the nicrkel oencentrations 

oenssqueatly did not ohamge appreoiably. 

Tsle .(+ d comerdon has ocourred in greater part already dpring heatisig, 

other hand, the  coaposltion of t h e  mixed q s t a l s  has not undergone any app.edable  

These findings eorrerpod t o  sospst&ati.u. 

on t h e  

at  the  terminal tmporature of the experiment after 2.5 hours. 

Diiscsussion of Findings 

The experiments performed at lar t a ~ p e r a t u r s s  preduccrd a re-formation, favored 

pressure, of the f a o e - c d e r e d  from the bedy-cextsred o r p t a l s .  T h i s  d&d nut 

ohmge tho nickel eenoentration. 

whioh the  qgantitative r e t i o  of t h e  g-phsne waa  i na re s sd .  

tration demaded by the  d i m  of equilibrium, Barever, had not ocourred. 

there exists far temperatures b e l a  400° C only the  possibi l i ty  of a digpla-ent 

conversioo but n o t  t h e  possibi l i ty  of adaptation af t h e  concentration t o  the  equili-  

brium. It i s  noteworthy t h a t  t h e  displacement cornersion from d t o  5 starts a t  

spproximatelr the same temperature, regardlers of whether customary or highw inareased 

The resul t  comqussrtly was an instable state in 

The oharyes d' eosoen- 

Apparently, 

I 
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0 

pressure i r  employed. According t o  the Clausius-Clapeyron equation, there should 

have been a drop of t h e  equilibritna temperature for t h e  contrersion accsllpanied by 

reduction of ~ 0 1 ~ ~ 6 .  

.. 

A corresponding drop of the d+ '(i comersiori temperatures 

through presrure was observed i n  the  iron-chraPe system KaUPaam, Leyenaar and 

~ 2.. 

m a y  (IO). 

9.6 %-aton (10.5 $-vel.) nickel anCi f d  a drap of the conversion temperature af 

2 x 10 at  pressures up to  60,000 kg/m2. 

t a p e r a t u r e  af tha d-+ ?f oenversion lies at 680 C. 

In the iron-nickel s~rstma, t he  same authors fmestigeted 8x1 allay uith 

- 3 0  2 2 
A t  p = 1 k d a  , the starting 

0 

If we did not find, in our om experiments an iron-nickel alloys, any differenoe 

in the temperatures a t  which thed-pb'oewersion s t a r t s ,  tbsn there must be a special 

reason for this. The reaotion af the iron-nickel a l lays  in a b-3 Cll conversion &ill 

corresponds appraxiOately t o  the theoretioal requirements that t h e  "'Mss-tamperaturos 

Le.. the temperature of the &art of cowersien, i s  reduoed 

observed Fats1 and Cahen (11). 

The i n i t i a l  &ate in *hex+ cs( comersion, L e ,  the hopogeneous austeni t ic  mixed 

crystal ,  should m e a h u t i o a U y  sti l l  have been in an isotropia s t a t e  af stress. 

nickel-msrtensite and/or t h e  m i x t u r e  of aickel-arartensite and residual austenite 

high pressure as 

does this not ooaur-in t h e  d + ~comera ion?  

In tihe 

which represents the i n i t i a l  utate for the &+ & oonversioll, no fur ther  nention i s  

made of a low-stress or isotropic  s ta te .  

toward ..( , the at= distanaes are shortened i n  certain directions i n  the q a t a l  

In the displacement conversion from b' 

l a t t i c e  but lengthened i n  other directions. The inorease of volume leads t o  anisd- 

t rop ia  state bemuse a uniform bydrostatio pressure in a l l  direations would increase 

the  pressure i n  a l l  directions would increase the pressure 8tttesses in some diredzions 

but mow or l e s a  equalize the existing t e n s i l  stresses in other direotions. However 

this lsads, at least f o r  pressure stresses, which l i e  in the same order of magnitude 

as the  internal  stresses existing in the material, only t o  a ohanged spa t ia l  d i s t r i -  

(13) xaufnan, L.. A. ~eyeaaar  and 2. S. Harvey: 

(11) A d a  metallurg., R e u  York, 1 (1953) p. 53A/38. 

progress i n  very high pressure 
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, bution of' the stresses but not ye t  t o  8 state with a uniform mount of atress i n  

a rb i t ra ry  direotions. p are a lso  justified i n  recal l ing that  the Ckausius-Clapegron 

I equation uas derived froa the s t a t e s  of dress of gases and liquids, i.e,, from , 

re la t ions  i n  which anisutropy of the stresses does not occur. 

A t  the ti- of completing this oQ.p1C113ication, there  was published a report  

Melnikov, Sokolor and Stregalin (12) which discusses the irrfluenee of preesure op 

the  t w r a t u r e  taf the o(+ xoonvorsion i n  an al1oy with 27.6 % niokel ard 0.826 % 

WWbOn, A t  p 1 kdom , t h i s  temperature lies a t  465' C. Brperiments w i t h  pressures 

of 1, 1O,oc)0, 20,000 and 30,000 kg/cp showed a displacenent by 0,0025 q a t  p = 
30,000 k e / a  . 
present invegtigation i n  -oh re f d  an appreoiable difference betmeen the 

2 

2 0 

2 
T h i s  linding oonsepue&ly differs aonsiderably f r o m  the r e su l t  ef t h e  

quant i t ies  aonverted r i th  or without pressure but no notable displaoeaent of t he  

start ef conversion, 

However, the deviation is ent i re ly  ju s t i f i ab le  both by the lmr nickel and higher 

aarbon content ob the a l ley  employed the mss ian  investigataru (12) =hioh imrerses 

the  uonversion temperature by about 160' C a s  caapared t o  the alloy with 29.9 % niekel 

ut i l ized  by us and because of the oonsiderably higher pressures miplayed by thm. 

It i s  understandable that 20,000 kg/m are superior t o  the in te rna l  & ~ e m s s  
2 

whereas 5,600 kgfm do not yet produce any appreoioble effect .  

2 

B o  uperiments at 430' C haw demoastrated that ohanges of concentration a re  
0 

effected by increase of temperature and duration Irhiah do not oocur a t  400 

with brief intervals, 

a f t e r  t he  prolonged experiment a t  430 C is s t i l l  v e q  far fraa the state of equili-  

C and 

H m n r ,  the  high nioltel content a&' t h e  d d x e d  orystals  
0 

brim. This i s  understandable inas@ch as the  c ~ p o s i t i o n  of t h e  al loy with 29.7 $ 

niokel l i es  appreoiably clooar t o  tha nickel content af t h e  

(amording to the equilibrium, 38.8 % nickel) than t o  t h a t  of the 

\ ( - l i m i t  mixed arystal 

4-limit mixed 

crys ta l  whiah allegedly cantains only 6.3 $ nickel. In order ts rea& the cK)nmn- 

(12)  Yel'aik-, LO A*, Bo K. SOlo1.w and A. I. Stregulin: Phys. Xetafs Hetallagr. 
5 (1933) Ilr. 3, P. 31/36, 
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w .- M i o n  of equilibrium in the O( -phase, there is censsquently necessary a RUC$ 

more extensive diffusion. The experiments produced a lesser ohange of concentration 

i n  t h e  

would be premature t o  attempt t o  interpret  this finding. 

of an inhib i t ion  of diffusion through pressure as well as a dispfaoement of the line 

OP e q u i u t r i u n  of t h e  toward lower temperatures or ~ 3 s t e r  n i ~ k e ~  

content, 

X -nixed crystal d e r  high pwesure than under o u s t ~ a z y  pres s~re .  It 

W might ccmeeive both 

x-mixeci crystal 

SEaoSary 

The d+ conversion of two non-reversible alloys of iron with 29.7 and/or 
0 

54.8 $ niokel is  observed a t  temperatures up t o  430 

under presaure ai' 5,000 Pg/QI 

heating a t  approximately the +.llrs tesperaturos. 

350, OF 400 

of newly formed 

hours does not produoe any imease  ot t b  

o e d  orys ta l s  ra ra in  almost unohaaged. 

C and Gust- pressure and 
2 . In both oases, eonversion begins during steady 

If heating is ar res ted  a t  250, 300, 
0 

C, we then Sind in the experiments under pressure 2 to 3 timer tbs amount 

8-phase. m t i a u a t i o n  at  the taPperatures irrlieated beyond 20 

d - p h ~ ~ a e  a d  t b  oonclsntrations of the 

Diffusion a n  be demonstrated a t  430' C 

after eontinuation fur 22 days. In the  experiment under customary pressure, the  

nickel contents ooeae Ul08er t o  the value required by the diagram of state than in the 

experhea t  under high pressure. However, i n  both oases the niokel content of the 

cl( &xed crystals remains higher than required by the equi l ibr im.  The start 

d d +  % 

is explained the  highly stressed initial state. 

conversion a t  the same temperature independently ~f tb mount pressure 


